Increasing research and development (R&D) investment has been a common strategy to advance the sustainable development of economy and competitiveness across the world. Instead of external determinants, exploring the influence of internal factors such as the characteristics of board members is an important topic, yet under-researched. This article aims to reveal whether a firm's R&D investment is related to the directors' postgraduate education experience. Further, we want to explore whether this relationship shows heterogeneity in different industrial environments. We analyzed information from a sample of 1374 listed companies in China using descriptive statistics, ordinary least square (OLS) regression and instrumental variable (IV) estimation, and came to the following conclusions: First, the percentage of directors with doctorates significantly increases the chance of investing R&D activities. Second, in the second industry, the higher the proportion of postgraduate education degree holder as directors in a firm, the more expenditure the firm invests in R&D activities. Yet, there is no such association in the third industry. Finally, if a capital-driven strategy is adopted, directors with a master's degree tend to reduce R&D investment in IT companies. Findings from this research not only enrich innovation management theory, upper echelon theory, and human capital theory, but also provide insights for corporate governance and national sustainable innovation.
Introduction
Under the background of new scientific and technical revolution and accelerated advancement of industrial reform around the world, innovation, as the first driving force leading social and economic development, is pivotal to a country's sustainable development and rebuilding world competition pattern [1] [2] [3] . As a result, increasing research and development (R&D) investment and advancing innovation have been common strategies of the world's main economies, especially those emerging markets [4] [5] [6] . According to Science & Engineering Indicators (2018 Digest) issued by National Science Foundation of the United States, R&D investment in the USA, Japan, Germany, France, China, UK, and South Korea tended to rise generally after 2000, and the rising tendency in China was remarkable. China, within ten years, successively surpassed France (2001), Germany (2004), and Japan (2009) and developed into the world's second-largest county in R&D investment following the USA [7] . Enterprises are the main driving forces for research and development. By 2017, the proportion of enterprises' R&D investment in total investments of China reached 77.6% [8] , which was significant for China to promote a development strategy driven by innovation and build an innovative county. However, in China, enterprises typically invested less in R&D activities than those in the USA. In 2017, average R&D investment of enterprises in China was less than 3%, far lower than 6% of the USA [9] .
In particular, as current Sino-US trade friction aggravates, strengthening the function of enterprises in research and development and national scientific and technical innovation will be a key strategy to tackle new challenges in the new era.
What factors will influence enterprises' innovation on research and development? Previous research has found that influential factors of research and development include external economic and political environments [10] , such as macroeconomic volatility [11] , interest rate marketization [12] , political instability [13] , judicial system [14] , and the nature of business [15] . However, according to many studies since the innovation theory was proposed by Joseph Schumpeter, enterprises do not focus on external influencing factors only. Instead, internal factors are also be considered [16] [17] [18] . Especially, the upper echelons theory proposed in 1984 brought the influence of observable and unobservable features into the view of researchers [19] [20] [21] . The former includes cognitive bases and values of senior management. The latter involves factors such as the level of education, age, and professional experience on corporate strategy. Postgraduate education is the main channel for cultivating advanced innovative talents [22] . Compared to employees with senior high school education or undergraduate education background only, staff with master's or doctoral degrees may have higher innovative awareness and stronger capacities in research and development due to their scientific research experience. When working in an enterprise or being promoted to directors, they may apply their postgraduate education to practical scenarios. This will prominently advance R&D activities of the enterprise and can be regarded as an important representation of social functions of postgraduate education.
In this view, the relationship between directors' postgraduate education experience and R&D activities of their companies has been a significant topic yet, under-researched. Our paper aims to fulfill this gap. The detailed objective of this paper is twofold. First, we aim to reveal whether a firm's R&D investment is significantly related to its directors' postgraduate education experience. Second, we aim to explore whether this relationship shows heterogeneity in different industrial environments. Based on a sample of 1374 companies in China, we examined the overall influence of directors' postgraduate education characteristics on their firm's R&D investment. We further investigated this correlation in the second industry and the third industry, respectively. Moreover, IT industry attracted particular attention during the analysis due to its massive R&D investment activities compared to other industries. This study contributes to related research both theoretically and practically
In terms of theoretical contribution, this paper enriches innovation management theory, upper echelon theory, and human capital theory. In contrast to prior innovation management research highlighting external determinants of corporate R&D innovation, our research finds that the higher the percentage of directors with a doctoral degree is, the more investment in R&D activities, providing the empirical evidence that internal factors from board of directors also matters. In line with the research from the perspective upper echelon theory, this paper pays attention to director's individual characteristics as well, especially educational characteristics. Our research findings indicate the association between a director's postgraduate education characteristics and a firm's R&D investment varies in different industry environments. In the second industry that mainly consists of industrial companies, the higher the proportion of postgraduate education degree holder as directors, the more expenditure in R&D activities. However, this correlation is not statistically significant in the third industry, which involves commercial, financial and real estate, public utilities, culture, education, sports, and IT companies. Through the lens of human capital theory, there is economic value embedded in the postgraduate education, which is justified in this paper in the respect of R&D investment. In addition to the positive impact of human capital on economic growth and R&D innovation that has been studied thoroughly, our contribution lies in unpacking the complexity in reality due to the certain attributes of both board directors and corporate developing strategies. Findings in IT companies confirm that if a capital-driven strategy is adopted, directors with master's degrees and economics and management background tend to reduce R&D investment.
In terms of practical contribution, research findings of this paper provide insights for the corporate governance at the institutional level and the sustainable innovation strategy at the national level. Enterprises should realize the correlations between directors' postgraduate education characteristics and R&D investment, then adopt targeting innovative strategies, and through board staffing and configuring. National policy should also encourage universities to increase the availability of innovation and entrepreneurship education in the curricula system of postgraduate education for the achievement of sustainable innovation of a state.
The rest of this paper is organized as follows. The second part briefly reviews the relevant literature and several corresponding hypotheses drawn from previous research. The third part introduces the research methods, which include information about data used in this study and operationalization of variables. Results of descriptive statistics of variables are also presented in this part. The fourth section documents the research findings based on the ordinary least square (OLS) regression analysis and the endogeneity problem is treated through different methods. Apart from the overall influence, regression between different industries and within the IT industry are also employed. The next section shows the related discussion and conclusions emerging from this study. Possible implications, limitations, as well as future research directions are discussed in the last section.
Literature Review and Research Hypothesis
A large number of empirical studies have identified that highly educated top management teams, for instance CEOs, hold more of an open attitude toward innovation [23] and thus have a tendency to invest more in R&D activities [24] . Following this line of reasoning, directors, as the core decision-makers of a firm, may also play a central role in the innovative strategies of a corporate. Therefore, their characteristics may exert a profound influence on a firm's R&D activities as well. The relationship between directors' characteristics and a firm's R&D investment has attracted attention from several scholars so far. For example, the following studies identified that directors' gender affected the firm's R&D investment. Despite the common sense that women tend to be risk-averted, researchers have found that female directors in the boardroom actually invest more in R&D activities compared with their male counterparts [25] [26] [27] . Age is another determinant. Based on the data from the IT listed firms in China from 2007 to 2010, it was found that directors' age had a negative effect on the company's R&D investment [28] . Others claimed that positions which directors used to take also shaped the strategic decisions regarding R&D investment in a company [29, 30] . For example, entrepreneurial finance experience and technical experience of directors in publicly traded biotech/pharmaceutical enterprises could significantly affect R&D investment [31] . Moreover, an increasing line of literature also provides empirical evidence that directors' educational background, a predominate indicator representing human capital, is associated with a firm's R&D investment [32] . Given the fact that directors in Chinese listed firms are basically master's degree holders [33] , the director's postgraduate education experience deserves more attention. However, prior literature primarily captures directors' level of education, while their disciplinary background and graduation institution characteristics are largely ignored. This paper aims to fill this gap.
Although directors' postgraduate education experience has natural correlation to R&D activities of their companies, conclusions of existing related empirical research are not consistent. According to some studies, higher levels of education of directors will promote R&D investment in high-tech industries such as chemical, pharmaceuticals, and astronavigation. Furthermore, directors with a master's or a doctoral degree may lead their partners to focus on research and development [34] . However, according to a study based on 225 listed companies in the USA in the biotechnology and pharmaceuticals industry, not all directors with doctoral degrees focus on research and development [31] . One possible reason for their findings is that they count not only PhDs as doctorates, but also JD (Doctor of Jurisprudence), and MD (Doctor of Medicine). JD and MD are mainly practice-based instead of research-based, which may interfere the causality to a certain extent. Studies base on Taiwan companies found that the higher the level of director's education is, the more R&D investment will be made [32, 35] . Therefore, the following research hypotheses are proposed regarding the education levels of board directors and their relationship with R&D investment in a firm:
H1a: The higher the proportion of directors with master's degrees is, the more R&D investment will be made.
H1b:
The higher the proportion of directors with doctoral degrees is, the more investment in corporate research and development will be made.
In addition to levels of education, the disciplinary background of directors may have influence on corporate R&D investment. Students may form different cognitive bases, depending on their training received from fields of engineering, science, arts and humanities, and social sciences [19] . Directors with degrees in science or engineering fields focus more on technical advancement, research and development innovation, and add more investment to R&D activities [36, 37] . In addition, directors with background in economics and management may see economic values from innovation for research and development easier and focus more on R&D activities, depending on their knowledge of effectively controlling risks of innovation investment. Therefore, for the discipline background of directors with a postgraduate degree, research hypotheses have been proposed as follows:
H2a: The higher the proportion of directors with degrees in science and engineering is, the more R&D investment will be made.
H2b:
The higher the proportion of directors with degrees in economics and management is, the more R&D investment will be made.
Institution of graduation is another possible factor that might have influence on directors' attitudes towards R&D investment. A study [31] based on listed companies in the United States indicated that directors graduating from Ivy League institutions are more likely to increase investment in corporate R&D activities as compared with those graduating from non-Ivy League institutions, likely due to more exposure to leading research and active communication with elite scholars during their graduate programs.
In China, more and more research-intensive universities are making efforts to integrate scientific research while cultivating students. In some top universities, postgraduate students are provided with opportunities to participate in scientific research, even achieving some world-level research results. Therefore, it is necessary to empirically examine whether directors who graduated from China's well-known universities pay more attention to corporate research and development. In addition, some studies also argue that entrepreneurs who graduated from institutions overseas will present the 'knowledge spillover effect' after returning to China and are likely to value innovative entrepreneurship, and research and development higher [38] . With more and more overseas postgraduate education degree holders returning, further empirical evidence is needed for the claim that directors with degrees granted by institutions outside of China are more likely to invest more on R&D activities. Therefore, for directors with master's or doctoral degrees, research hypotheses have been proposed as below:
H3a: The higher the proportion of directors graduating from elite colleges and universities is, the more investment on research and development will be made.
H3b:
The higher the proportion of directors graduating from overseas institutions is, the more investment on research and development will be made.
Methods

Data
Data used in this research were collected from two sub-databases of the China Stock Market and Accounting Research (CSMAR), Shenzhen, China database, which contains comprehensive information of all listed companies in China in its 38 sub-databases. This project collected data from two sub-databases: role characteristics database for detailed information about board directors, and research and development sub-database for detailed expenditure on R&D activities in those companies. The data utilized in this paper were collected through the following steps: 1) We extracted the education characteristics of board directors for the 3752 listed companies in China from the role characteristics subset of the CSMAR database. 2) We extracted the R&D expenditure, board size, and asset-liability ratio for the 3752 listed companies in China from the research and development subset of CSMAR database. 3) We matched data from the first two steps and removed companies that miss information for core variables that we are interested in, including R&D investment, industry type, asset and liability of enterprises, educational level, disciplinary background, graduation institution, and working experience of directors, which fields a final list of 1374 companies.
In the first step, we gathered original data from two CSMAR sun-databases, and 3752 companies was included. One is the role characteristics of listed company sub-database, from which we extracted directors' postgraduate education characteristics. The other is the research and development innovation sub-database, from which we extracted the firm's R&D investment, board size, asset-liability ratio, etc. The expiration date of data collection was 31 December 2017. In the second step, we matched the director's individual characteristics with the firm's financial data. In the third step, deleting observations if the core variables were missed. Finally, 1374 companies consisted of our sample. Table 1 reports the comparison between sample and population in terms of asset-liability ratio and industry distribution. Chi-squared test suggests there is no significant difference between sample and population. Therefore, there are reasons to believe that our sample represents well. 'GB/T 4754-2017' in China classifies industry into 20 categories. According to research needs, this paper recombines them into 7 groups. There are commercial companies, financial and real estate companies, public utility companies, companies in agriculture, forestry, animal husbandry, and fishery, industrial companies, cultural, educational and sports companies, and IT companies, respectively. In general, our sample includes 24 commercial companies, 16 financial and real estate companies, 67 public utility companies, 11 companies in agriculture, forestry, animal husbandry, and fishery, 1066 industrial companies, 42 cultural, educational, and sports companies, and 148 IT companies. 
Definition of Variables and Statistical Techniques
CSMAR uses absolute value and relative value to quantify the investment in research and development. The absolute value refers to the total amount of R&D investment within a certain time range, while relative value refers to the ratio between the total amount of R&D investment and the total sales [38] [39] [40] , total assets [41] [42] [43] , or the employees' number [44, 45] within a certain time range. This study mainly focuses on the relative degree of attention paid to innovation for research and development by listed companies. Taking into account the availability of data, and the various sizes of companies, this project operationalized R&D investment as the proportion of total amount of R&D investment normalized by total sales. This paper examines the postgraduate education of directors from the perspectives of education level, discipline background, and graduation institution. This paper uses the proportion of directors with master's degrees and proportion of directors with doctoral degrees as the two indicators of education level. Discipline background is quantified using: the proportion of directors with degrees from science and engineering field and the proportion of directors with degrees from economics and management. Graduation institution of directors is measured upon: the percentage of directors graduated from C9 universities and the percentage of directors graduated from overseas institutions. The C9 is China's first collegiate league among elite universities. It was launched in October 2009. The alliance members include Peking University, Tsinghua University, Fudan University, Shanghai Jiaotong University, Nanjing University, Zhejiang University, University of Science and Technology of China, Harbin Institute of Technology, and Xi 'an Jiaotong University. The postgraduate education characteristics of directors is not the only potential factor of R&D investment. Directors' working experience, corporate asset-liability ratio, industry type, and total assets are adopted as control variables in this study.
All the variables in this paper and its definition are listed in the Table 2 . This paper uses basic descriptive statistics to explore the data first. OLS regression is used to test the influence of directors' postgraduate education characteristics on the firm's R&D investment overall and by industry. Taking into account potential endogeneity issues, more control variables were added and IV2SLS regression was employed to ensure the robustness of the result. Table 3 shows the descriptive statistics for all variables of interest in this paper. In 2017, the average proportion of R&D investment in listed companies of China reached 5.10% and the maximum proportion of R&D investment reached 76.35%. In terms of directors' postgraduate education level, nearly half (48%) of directors in listed companies have master's degrees and 24% have doctoral degrees as their highest degrees. In terms of discipline background, approximately 46% of directors got degrees from economics and management and 15% from science and engineering. In terms of graduation institutions, about 18% of directors graduated from C9 institutions in China and 15% from overseas institutions. In addition, roughly 24% of directors were engaged in research and development positions once. R&D investment amount varies by industry. As shown in Figure 1 , the selected companies on average invested about 5.10% of the total sales on R&D activities. The IT industry has the highest (10.57%) R&D investment ratio among all industries, followed by industrial companies (4.74%) and cultural, educational, and sports companies (4.32%). Commercial companies spent the least (0.92%) among all industries on R&D activities. Table 4 presents the distribution of directors' postgraduate education characteristics in listed companies by industry. In term of education level, the proportion of directors with master's degrees in listed companies is higher than that with doctoral degrees across industries. The largest gap of this exists in agriculture, forestry, animal husbandry, and fishery companies: where the proportion of directors with doctoral degrees is the lowest and the proportion of directors with master's degrees is the highest among all industries. The proportion of directors with doctoral degrees in public utility companies is the highest. In term of discipline background, the proportion of directors majoring in economics and management in each industry is far higher than that in science and engineering, which is most prominent in agriculture, forestry, animal husbandry, and fishery companies. In term of graduation institution, the percentage of directors graduating from C9 universities and overseas institutions in agriculture, forestry, animal husbandry, and fishery companies is the highest. The lowest figure for directors graduating from C9 universities and graduating from overseas institutions appears in industrial and commercial companies, respectively. 
Descriptive Statistics
Results
Overall Influence of Directors' Postgraduate Education Characteristics on a Firm's R&D Investment
The OLS regression is applied to explore the influence of directors' postgraduate education characteristics on R&D investment in the listed companies. Model 1, model 3, and model 5 are benchmark models that only include independent variables to reflect net influence of directors' education level, discipline background, and graduation institutions on a firm's R&D investment, respectively. Model 2, model 4, and model 6 include three control variables, i.e., corporate asset-liability ratio, industry, and the proportion of directors with work experience in R&D positions. Model 7 involves all the independent and control variables. Table 5 documents the OLS regression results.
As the regression results show, when control variables are introduced based on the benchmark model, the F value and R-value increase prominently, and the F value is statistically significant (p = 0.00). This indicates that the fitting and explanation degree of the model enhances significantly after the introduction of control variables. According to model 2, model 4, model 6, and model 7, the higher the proportion of directors with doctoral degrees is, the more investment in research and development will be made. This result fails to reject the hypothesis 1b. However, proportions of directors with master's degrees, director's discipline background, and graduation institution do not show significant impact on the amount of R&D investment in companies.
The regression coefficient of control variables also manifests the director's R&D working experience, a significantly positive relationship with the firm's R&D investment. However, asset-liability ratio exerts a significantly negative effect on R&D investment. In addition, regression results shown in Table 3 also indicate the industrial heterogeneity of the influence of directors' postgraduate education characteristics on R&D investment in listed companies. Therefore, it is necessary to further run additional regressions by industry. 
The Influence of Directors' Postgraduate Education Characteristics on a Firm's R&D Investment by Industry
Giroud and Mueller have justified that the product market competition should be considered in order to determine the relationship between corporate governance and R&D policy [46] . Therefore, it is necessary to explore the relationship between directors' postgraduate education characteristics and a firm's R&D investment by individual industry since each industry may face different competitions. Due to the limited number of companies in some industries, this study further recategorized industries into the first industry (11 companies, including agriculture, forestry, animal husbandry, and fishery industry), the second industry (1066 companies, including industrial industry), and the third industry (297 companies, including commercial, financial and real estate, public utilities, culture, education, sports, and IT industry). The first industry was excluded from further analysis due to its small sample size.
The model settings for analyzing the second and the third industry are similar to that shown in Table 5 . As shown in Table 6 , in the second industry, the higher the percentage of directors with master's degrees and doctoral degrees, the more investment to corporate research and development, controlling directors' work experience in R&D positions, and corporate asset-liability ratio. However, the landscape in the third industry shows substantial distinctions: with the same variables controlled, no significant relationship between board directors' education characteristic and the RD investment of a firm was observed. 
Influence of Directors' Postgraduate Education Characteristics on IT Companies' R&D Investment
The R&D expenditure in the IT industry is almost two times the average level (seen in Figure 1 ), which plays a decisive role in the overall level of corporate R&D investment in China. Although the previous analysis on all companies indicates that directors' postgraduate education has no significant impact on R&D investment efforts in a company, it is still necessary to analyze this relationship for IT companies due to the large amount of R&D expenditure and distinctive business feature.
According to the regression results in Table 7 , the percentage of directors with master's degrees has a negative correlation with R&D investment in the IT industry. That is, the higher the percentage of directors with master's degrees, the less money a company spends on R&D activities. Additionally, the percentage of doctoral degree holders on board, discipline background, graduation institutions, and previous work experience in R&D positions has no significant influence on R&D investment expenditure. Note: t statistics in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
Robustness Test
Endogeneity is a common plague in research involving corporate governance, firm policy, and performance [47] . There are many unobservable factors that may affect the hiring decision and R&D policy simultaneously, such as board directors' capacity, the firm culture, and so on. Coles and Li [48, 49] identified that unobserved attributes of managers have a strong empirical association with riskier corporate policies, such as a higher R&D investment amount. Capacity of board directors can also lead to endogeneity problems. It is common that board directors' capacity is not only associated with their probability of attending postgraduate education, but also has a relationship with the firm's policy in terms of R&D investment. Thus, it will be biased to quantify the relationship between the director's postgraduate education characteristics and the firm's R&D investment without considering these variables. To address the endogeneity problem, Li suggested an extensive range of statistical methods and compared both the advantages and disadvantages of each method [50] . This paper chose to use control variables and the IV method to treat endogeneity issues, considering the nature and the availability of the data.
Corporate asset is directly associated with board members' capacity. Thus, we further added corporate asset into the statistic model as a control variable. Regression results reported in Table 8 suggest our estimation is robust after controlling additional firm attributes.
IV estimation is commonly used to mitigate the endogeneity problem caused by omitted variables. Using the IV approach needs to meet two conditions, i.e., IV must related to the endogenous explanatory variable and unrelated to the disturbing term. Previous engagement in R&D work is highly related with postgraduate education experience. The data from the Chinese Science and Technology Statistics Yearbook shows: 35.62% and 17.73% of people employed by R&D institutions are master's and doctoral degree holders [51] . Nonetheless, previous engagement in R&D work is usually not the requirement of being a board director. Additionally, we found the proportion of directors with master's degrees is significantly negatively related to a firm's R&D investment in the IT industry, which is different from the rest of the industries. Therefore, we used engagement in R&D work as the IV to test the robustness of our research results in the IT industry. IV 2SLS regression results are presented in Table 9 . The first stage regression shows IV is highly related to the endogenous variable (p = 0.00). F statistics (F = 25.82) is greater than the normal threshold of 10, indicating our IV passes the weak IV test and has strong explanatory power to the endogenous variable. The second stage regression shows the coefficient of a directors' master's degree is still significantly negative. Therefore, the robustness of our regression results can be confirmed here. 
Discussion and Conclusion
Based on a sample of 1374 listed companies in China, this study analyzed the influence of directors' postgraduate education characteristics on R&D investment.
First, the R&D investment of China's listed companies needs further improvement and its distribution among different industries is highly uneven. The average proportion of a Chinese firm's R&D expenditure was 5.10% in 2017, which indicates a considerable R&D gap between China and the United States since the average R&D spending of American firms reached 14.5% from 1995 to 2015 [52] . Enterprise is the main driving force of a national innovation system. With the intention of building an innovative country, corporations should be encouraged to increase their R&D investment. When they are broken down to different industries, listed companies could be classified into four tiers, where IT industry was in the first tier, with R&D investment exceeding 10%. The second tier covered industrial (4.74$) and culture, education, and sports (4.32%). The next tier included agriculture, forestry, animal husbandry, and fishery (2.73%), public utilities (1.88%), and financial and real estate industry (1.69%). Commercial industry was classified into the fourth tier since its R&D expenditure was less than 1% (0.92%).
Second, the proportion of doctorates contributes significantly to the amount of R&D investment in firms, with the corporate asset-liability ratio, industry, and director's working experience being controlled. This finding helps to confirm the hypothesis that highly-educated directors are likely to increase the firm's R&D investment. As Wally and Baum noted, higher levels of education usually means greater cognitive ability [53] , which allows for higher ambiguity toleration [36] , better understanding of new ideas [37] , more creative solutions to tackle complicated situations [54] , all of which pave the way to increasing R&D investment. In respect to discipline background, science and engineering education experience may equip directors with innovation management knowledge and skills so that they gain more confidence to invest more on R&D activities [55] . But the graduation institution does not seem to have impact on directors' decision towards R&D investment. On one hand, this finding confirmed the important role of doctoral education in promoting a firm's R&D investment. On the other hand, the 'Top End Effect' shall not be excessively emphasized, and overseas returners may not bring in more R&D investment. The influence from the non-elite postgraduate education institutions are essential to the improvement of a firm's R&D investment as well.
Third, the influence of directors' postgraduate education characteristics on their firm's R&D investment generally occurs in the second industry. The higher the percentage of directors with postgraduate education degrees is, the more R&D investment will be. This is consistent with previous research conclusions based on the data from China's manufacturing industry [56] . Compared with other industries, the percentage of directors with master's degrees in industrial companies is relatively lower and has space for improvement. Therefore, enhancing the postgraduate education level for directors in industrial enterprises, especially increasing the percentage of directors with master's degrees on the board, may be one of the strategies to enlarge R&D investment for this industry.
Fourth, the high proportion of directors with master's degrees in the IT industry prevents corporate R&D investment. After employing the IV approach, the result is still robust. To find out the possible explanation, we checked the original data of the IT company with the lowest R&D investment (code = 300226). Results show it only invested 0.06% of total sales in R&D activities and its asset-liability ratio was up to 78%. As for its board configuration, all the directors are master's degree holders and majored in economics and management. This typical case indicates some IT companies tend to develop through raising capital instead of R&D innovation. Descriptive statistics reveal that nearly half (48%) of directors in this industry hold master's degrees, whereas the percentage of doctorate holders is only 24 percent. In terms of discipline background, 42% of directors majored in economics and management and only 20% majored in science and engineering. This may explain the negative coefficient between the percentage of master's degree holders and R&D investment in the IT industry.
Implication and Limitation
To summarize, this paper contributes to related research both theoretically and practically. In term of theoretical contribution, our findings extend the streams of literature concerning innovation management theory, upper echelon theory, and human capital theory by examining how the firm's R&D investment is affected by postgraduate education experience of directors, such as their education level, discipline background, and graduation institution. In contrast to prior innovation management research highlighting external determinants of corporate R&D innovation, our research finds the higher the percentage of directors with doctoral degrees, the more investment in R&D activities. This provides empirical evidence that internal factors from the board of directors also play an important role in R&D activities. In line with the research from the perspective upper echelon theory, this paper pays attention to a director's individual characteristics as well, especially educational characteristics. Our research findings indicate the association between a director's postgraduate education characteristics and a firm's R&D investment varies in different industry environments. In the second industry, which mainly consists of industrial companies, the higher proportion of postgraduate education degree holders as directors, the more expenditure in R&D activities. However, this correlation is not statistically significant in the third industry, which involves commercial, financial and real estate, public utilities, culture, education, sports, and IT companies. Through the lens of the human capital theory, there is economic value embedded in postgraduate education, which is justified in this paper in respect to R&D investment. In addition to the positive impact of human capital on economic growth and R&D innovation that has been studied thoroughly, our contribution lies in unpacking the complexity in reality due to certain attributes of both board directors and corporate developing strategies. Findings from IT companies confirm that, if a capital-driven strategy is adopted, directors with master's degrees and an economics and management background tend to reduce R&D investment. In term of practical contribution, our research findings lead to several prominent implications for enhancing the whole R&D investment of China's listed companies. Enterprises should realize the correlations between directors' postgraduate education characteristics and R&D investment, and then adopt targeting innovative strategies through board staffing and configuring. For the achievement of sustainable innovation of a state, national policy should also encourage universities to increase the availability of innovation and entrepreneurship education in the curricula system of postgraduate education.
Limitations of this paper and further research directions mainly lie in the following two aspects. First, R&D activities are highly risky and demand long-term investment [57] . Due to the fact that a firm's R&D investment has path-dependent inertia to some extent, tracking and analyzing synchronic rules of an enterprise's R&D investment will be the next research emphases. What's more, other factors like firm culture and technical advancement may also affect R&D investment and board hiring decisions. Limited by the availability of data in the CSMAR database, these factors are not considered in this paper. Future research may collect additional companies, and also extra variables to better model their contributions to R&D investment.
